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A Random  Talk  on  Computer  Language 
"Computer  Software  and  the  'tee  of  Computer"  (3) 
Kan  Ch 1 ao 


Language  is  a tool  by  which  pen ole  exchange  their  ideas.  It  can  be 
therefore  said  that,  the  function  of  language  is  to  exchange  information. 
Chinese,  En  lish  a d ther  natural  la  yi.ua  es,  for  instance,  are  all  used 
to  excrrr  re  infomations  amonv  peoples. 

When  • 'eople  wr  t to  exchange  information  with  a computer,  they  also 
use  language,  and  tue  language  thus  used  is  called  "computer  languare". 

Computer  is  made  by  man  and  is  used  to  serve  neopie.  In  the  relation- 
ship be  ween  man  and  computer,  man  is  always  at  the  position  to  direct.  3o 
the  main  use  of  "computer  languare”  is  for  man  to  rrive  order  to  computer 
and  the  computer  car  ies  the  order  out.  '//hen  man  wants  the  computer  to 
report  back  the  procedures  as  well  as  the  result  of  carrvin"  out  that  order, 
"computer  language"  again  is  U3ed  for  the  work  of  renorting.  When  several 
computers  are  connected  together,  the  "computer  language"  is  used  to 
exchange  information  among  the  computers.  In  addition,  when  people  want 
to  exchange  exnerienco  of  usi  T computers,  they  also  use  "computer  language". 

An  el°ctr  nic  computer  is  always  used  to  solve  arithmetic  riroblems 
■and  other  c r.olicated  matters,  such  as  to  control  the  launc  ing  of  missiles 
and  the  attacking  of  targets,  and  to  help  design  now  model  aircrafts.  Hut 
a computer  itself  can  only  perform  some  separated  ond  simple  operation, 
which  in  techincal  terms  's  machine  instruction.  TM 3 kind  of  nachinn 


ir.3t.ruc Mon  can  be  undershoot  and  carried  out  hr/  n computer,  a d it.  is 
called  mac- ire  lan euame. 

A computer  und< rsta  dsonly  mac  I no  language.  pr'VT»mnin"  by  us'.ng 
mac’  ine  lan"ua"c  is  no  easy  task  a.  d Ve  e'’f>■‘e^enc',  is  low.  T' ere  is,  how- 
ever, one  remedy  that  a to  train  soecialized  pro "rammers.  The  da’ :,r  work 
of  a specialized  pro"rammer  is  pro ~ra.mmin".  An  ’•dexterity  comes  out  of  Ion" 
pracfce",  the  offic’e.  cy  in  pro-ramnin"  will  thus  be  improved,  "ever  the  less, 
i ’ tales  Ion-  time  to  train  specia.lized  nrofframme’"S,  no  iA  is  not  very 
promising  "or  mor^  peoole  to  use  computer.  And, in  fac1,  the  e ’f.1c  e cy  5 n 
programming  by  professional  pro  'rammers  is  not  very  hirh.  Another  problem 

is  that  eac  computer  can  understand  only  one  set  of  machine 
langua~e  which  is  used  on  it.  One  provram  can  be  a plied  to  one  computer  and 
it  will  be  not  "ood  "or  any  other.  In  a true  sense,  a specialized  ororramne- 
is  ’’spec ’ alized”  -nd  each  mac'- ine  has  to  train  its  own  pro  yammer.  So  it 
needs  a area  l.  many  pro  "rammers  if  the  mac'  ir.es  are  bully  employed.  Obviously, 
this  ’s  wasteful  and  violates  the  principle  or  doing  more,  fas' or,  be ' ter 
a d more  economical. 

How  to  improve  efficie  cy  and  how  to  enable  more  people  to  use 
computer?  The  k oy  problem  is  that  the  machine  language  is  too  novel  ard  too 
hard  to  remember.  In  the  earlier  days  after  corrrputer  had  come  into  be  inn , 
some  one  tried  to  improve  the  lan"ua"e  used  on  the  computer.  The  language 
suggested  at  the  early  time  is  called  assembly  language.  One  of  its 
character! set  1.C3  is  that  it  uses  symbols  which  are  c° ny  to  remember  to 
indicate  numerical  codes  which  arc  usually  difficult  to  remember  and  easy 


i 
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t o eonfused.  ^or  1 stance,  it  in  not  direct  to  use  00*  to  ’nd'eato  an 
a1  lition  instruction  and  it  In  not  a any  to  remember  oither.  roj,-fc  in  assembly 


lan."ua"e,it  uses  "+"  or  "HDD”,  no  i‘  *s  direct  and  easy  to  remember.  Another 
ad va  tare  0°  assembly  '■  a* • niaye  is  t-at  unlike  mac  ine  language,  I4  s 
convonien * f-  -v  charvinc  programs.  Furthermore,  th  teeb'i/ues  used  in 
ma-c'np  programs  are  s'npler  J-fian  those  used  in  machine  language  and  they 
are  also  easier  o manipulate.  Ever  since  the  advent  or  a.soembJ'"  language, 
the  efficiency  in  proTanminr'  has  been  neatly  improved  and  it  is  more 
convenient  for  more  people  to  use  computer. 

Although  the  assembly  language  has  helped  to  improve  the  efficiency 
i pro Tannin",  it  remains  to  be  a "low  "arde"  language,  because  one  computer 
can  only  have  its  own  assembly  language, and  it  is  impossible  to  communicate 
a one  different  computers.  The  format  of  programs  compiled  in  assembly 
language  is  s’milar  to  • hat  "n  mac  'ne  language,  aad  peonle  are  not  familiar 
with  it.  Por  i . sta  ee,  a mathomat'c  formula  A = P x C + D (t  is  is 
math  nau  c language,  wi 41  which  people  are  familiar),  in  assembly  language 
it  will  lies 


LOAD  B 

’1JL  C 

ADD  D 

STORE  A 


Among  these  instruction  memory  codes,  LOAD  means  to  +ako,  MtiL  and  ADD  arc 
the  nirat  ‘•hree  letters  of  MULTIPLE  and  ADPTTTO",  and  STORE  means  to  keen 
for  fut xre  use.  The  whole  pro  ram  means  to  take  D multiplied  by  C and 
added  D,  a d then  to  store  them  in  A. 

Evidently,  the  difference  of  acne,  blv  language  from  mathematic  language 
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i program 


n-ua  o w 


been  developed.  One  of  its  character! 


is  that  it  is  ver"  cose  to  the  general  mathematic  lanauape.  For  instance 


A ~ R v C + D written  in  program  la  guage  is  just 


Phone  w ich  represent  this  lanpuaao  ere  '»l"orithmic  language 


:ost  popular 


every  kind  of  machine  i 


Lanruiage.  Race  tly,  FORTRA”  i 


- strong  point 


languages  are  manifold.  Anyone  who  ha 


tome  common  k owle  ' c oc  math  email 


can  easi iy  "rasp  it 


compiled  in  this  lan cue  -e  c 


bo  used  in  various  mac!  i os.  Thi  s is  a rroat  co:  vor.ie  ce«  In  solvin 


anguage.  Tor  example,  one  factory  us i ng  China  made  machine  DdS-21 


■o  do3inr  a camwheel,  it  will  take  about  one  month  i**  they  use  machine  language 


.o  compile  pro 


am  for  a computation  on  computer  fo 


day  if  they  uso 


n jfr gj • yi  and  it  takes  only  a 

, J ‘ | Figure  1 There 

~~~  " ~7  are  several  dif-  few  minutes  for  bot'" 

jb  ferent,  kinds  of 

computer  languages.  transition  end  computation 
v " sr!!^  ‘ * Among  them  AI/10L60 

and  FORTRAN  are  used  Rv'dcntly,  f e efficiency 
to  ca  dilate  numerical  values  in  engineering 

deslng  and  science  research.  is  very  high. 


The  characteristic  of  the  computer  language  used  to  calculate  numerical 


value  in  that  the  r.rocosn  of  calculation  in  relatively  complicated,  such 


cs  to  solve  different ill  equations.  Rut  the  quantity  of  data  required  is 
swill.  Anoth'  r prob ' em  in  practical  application  -s  just  contrary  to  ' his. 

The  calculation  is  very  simple  and  it  renu'res  only  addition  and  substruction, 
hut  the  quantity  of  datr>  processed  is  very  Inrye.  Out  this  lnn,Tua~e  ia  not 
oonvenie.at  for  processing  such  data  is  wipe  schedule  op  the  workers  of  i 
factory  i d the  inventory  of  ba-  k accounting  books.  Fcr  solvin'*  these 
problems,  f ere  is  a snecialized  data  processing  language.  It  * s COROL.  This 
laneu°ee  can  be  easily  understood  and  used  by  financial  •’.nd  accounting 
nerso  el,  who  ha,re  only  none  kind  of  short-term  training  (Figure  2). 

In  computer  science,  a kind  of  data  sheet 
is  offen  used.  The  sheet  is  made  of  series  of 
data  connected  one  after  f > of  or,  nod  the  first 
one  car.  toll  what  is  the  next.  So  it  i s very 
easy  to  nick  up  whnt  is  wanted,  ’•’or  procr,ssinrr 
' is  kind  of  sheets,  f ere  is  a specialized 
shoe'  ' reco'  nina  language,  and  the  renresn— 

figure  2 COBOL  is 

‘-.able  one  is  LISP.  specifically  used  for  data 

processing 

In  the  area  of  publication,  intelligence  indexing  and  library  research, 
computer  is  very  useful.  The  language  which  is  good  in  these  areas  is 
character-s'mbol  series  processing  language.  The  roprosentahlo  one  is 
SMOROLA,  ich  can  be  used  in  several  machines. 

The  computer  lingua  ru  mentioned  above  are  of  several  different  types, 
such  as  those  '’or  numerical  value  calculation;  data  nrocessing;  sheet 
pr- cessing;  and  character-symbol  series  processing.  The  first  kind  is 
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used  widely  in  industrial  technology,  nr' nr.cn  monarch  and  national  defense. 
T’  r>  non  .d  hi .-.d  in  need  mostly  in  national  oeonony,  business  administration, 
a-ovarnnont  admin ! stration  and  oven  personal  daily  life,  such  as  buying 
a'r'lano  tic'- at  and  making  bank:  demon  it.  PL/l  and  AL90L/6P  are  a lar-n  type 
\ „iBr  t i .an-aia /-r>  which  ban  all  the  characteri 3t  ’ cs  c0  those  languages 
”■  f e-1  above.  PL/l  is  a convergent  language  which  collectively  has  all 
the  characteristics.  ALGOLS  is  a language  which  can  be  expanded.  It 
proV  les  a set  of*  bas'c  languare  end  the  ways  of  expanding  it.  The  user  of 
he  language  can  expand  any  part  o'*  its  function  accor-’ing  to  his  need. 
ALG0L&1  is  very  strict  in  theory  and  rather  difficult  to  understand. 


In  science  research  and  e gineering  computation,  it  needs  not  only 

value  computat  on  and  formula  calculation  as  well.  Taking  (a  + b)  for 

example,  if  a = 1,  and  b = 2,  then  by  using  any  of  the  value  computation 

languare,  sueh  as  AI/50L60  and  TORT. IAN,  ii  adiately  boc-m  known 

that  the  sum  is  9.  Ip  the  value  of  a and  b > been  detoTiined , the 

o p 

formula  should  be  expanded  into  a-  + 2ab  + b . <or  such  a kind  of  work, 
a formula  calculation  languare  has  been  developed.  It  can  be  used  to  solve 
mul'inlo  equations,  matrix  calculation,  formal  differentiation  and  formal 
integration,  and  oven  for  proof  of  some  mathematic  theories. 

"owadays,  the  scone  of  uni  nr  computer  ha3  been  unprecedentedly 
expo  ded  and  it  'as  rone  far  beyond  the  areas  6*  national  defense  and 
ad,rnnced  sc'cnce.  In  science  -esearch,  national  oconorm'-,  enrineering 
tec  nolo'y,  business  administration,  library,  Intelligent  agee'es,  library, 
hospital,  filing  office,  public  security  investigation  and  people’s  daily 
life,  computers  are  used.  In  order  ho  improve  the  worxinr  efficiency  of 
computers,  in  various  areas  w’  ore  computer  is  used,  v.neclali  zod  language 


6 


■ 3 'love loped  o 


rvdt  trie  special  need,  such  nr  machine  rnkinv  language, 
s Lp  sha  * -■  r ■ Langua  e,  co  struction  engineering  language,  earthquake 

redietin la  ;e,  hank  reporting  language,  airplane  .4  v dei  1 u language, 

etc. . 

P/'T,  *rlor.t  f*oj’*  v?.t ? ons  n or>'1  ° T * zo'l  pToblz-ns^  hhoro  n.rn  r.Tvjc ? * r*r»  1 1y 
desi  rned  langun  es,  sue!  as  li  tear  •. ' -nr.*  - " language,  mathematic  statistic 
1 ^ rv  *e , matr  * yi  cn  1 cu"1  a l : or  lan^  vrrn,  f]'r  r'*f  cal  otructure  ~ -»'*o  nvyi 
o thors,  T one  1"  r"ia'*es  con  automat ' w.1  lv  o’-  '••re  tr  best  wav  to  solve  the 
nrobl'ms  v;  ich  have  been  charged  to  then.  A l'r.ear  ee  tot  • on,  br  examrilf 
c . have  ne”er*al  different  ways  to  solve,  • ut  this  saeo ! **1  colly  designed 
inn  ua-'o  can  according  to  the  c>  uracterAst'  cs  o'*  he  >.  rob  lorn  autonaticall" 
f nd  a nos  - suitable  solution,  and  consume  lease  time  to  find  t e "rest 
accurate  answer.  It  is  therefore  very  convenient  °or  the  users  and  t’  ey 
need  not  spend  their  time  to  choose  what  is  the  best  way  to  compute.  This 
hind  ef  language  is  different  from  What  has  been  mentioned  above,  it  '3 
not  male  for  uso  in  some  special  area  but  rather  for  special  problems. 

The  c .aracterls Vcs  of  computers  of  the  new  generation  are  that  their 
speed  is  high  and  their  memory  space  is  larrre.  ^or  improving  e^f in ‘ eney 
in  us;nr  computer  ond  solving  the  contradiction  between  the  hl"b  sneed  of 
computer  ond  the  low  speed  of  man ' a operation  from  the  operation  stand, 
there  has  developed  a different-time  end  svstem.  One  computer  can  b^-’e 
several  several  tens  ond  hundreds  of  di **terent- time  ends  so  that  more  V an 
one  person  can  at  the  somoJ’iiSM*  one  and  the  some  computer  at  different  ends, 
and  the  computer  in  rotation  apportions  each  person  time  for  his  operation, 
because  of  the  high  soeed  of  the  machine,  when  one  person  punches  a key, 
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the:  mac1  lie  as  calculated  thousands  and  million  times,  so  he  will  nc'or 
know  that  there  is  a..ot'r,or  person  who  is  usinr  the  machine  at  the  same  ti  e . 
Thus  everyone  can  easily  work  with  his  own  program  and  does  not  have  to 
worry  about  wasting  the  time  t at  the  machine  has  afforded,  fe  can  even 
ask  the  mac  ine  for" help"  when  he  is  work  5 nr  -with  his  : ro'ram.  do  can  trr 
gone  conceived  new  plan  and  ask  the  me1’ ine  to  calculate  it  and  vr  dm 
an  a-swer.  In  this  fash 'on,  a person  and  a machine  can  enaarre  in  a dialo-uo. 
The  lan 'mare  used  in  such  a special  situation  is  called  conve rsat i onal 
lanmiare.  The  representable  lanrrua'fo  of  tM  s kind  is  the  BASIC  lanruare, 
which  has  been  introduced  in  the  March  Issue  of  this  journal. 

The  concept  of  computer  lanyuare  has  been  briefly  introduced  as  above. 
Machine  lanruare  and  assembly  lanrmare  can  only  be  applied  to  some  specific 
mac  ine,  so  Hoy  are  low  'made  larv*uaf*ea.  Tn  technical  terras,  they  arc 
mac  ine-oriented  lan 'mare 3.  The  independent  lanyua'-es,  such  as  ALGOLo  , 
i*T)  '.TRA”,  C BOL  and  BASIC,  can  be  used  or:  rrchiner.  of  ever-'  kind  to  solve 
every/  kind  of  problems.  In  tec:  nical  termo,  they  'ire  procedure-oriented 
lanruares,  'Pie  user  of  computer  must  tell  the  machine  what  to  do  and  how 
to  do  it  when  he  uses  this  kind  of  lanruare.  There  is  another  kind  of 
lanyuace,  such  as  mathematical  statistic  lanruare,  which  can  be  used  on 
every  kind  of  machine  but  it  is  rood  only  for  solving  some  specialized 
pr  -blerns.  In  technical  terms,  this  language  is  problem-oriented  lanruare 
because  it  is  oriented  to  solve  specialized  problems.  The  user  of  this 
lanruare  needs  only  to  tell  the  computer  what  to  do,  and  the  computer  will 
choose  a proper  way  to  do  it.  All  these  lanruare3  are  independont  lanrua"es. 
T'  se  which  can  be  used  only  for  solving  some  specialized  problems  in  sore 
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specific  areis,  such  is  nirr  l^ne  .'in^  'lesi'Ti,  ire  cible^  deooi'lon't  or 
sped  il' zed  1°  nii"cn. 

Todiy,  bhcre  are  iboub  t h -rvl-orl  d ! ° r'nvn  h coluber  lmrf\M'er>  in 
bkr  v/irld * i bhc  ow  ones  n*  *,*.  mo  bo  bhrl vo#  inon*"  b;  oro  lin/ru.i"es » 
blT;  rjenondmb  or  spcci'1 1 ! zcr*  cn  'nti  tut/'  i TncMoi'i  b,r  f or. ''  b'e 

indeno  idonb  In  '.mio  im  lorn  thi  ore  v o rlred  in  numbe''**  T or.o  vr  T o1 
lined  w' dr ly  arid  c ddc^ed  V r nst  important  on  ore  ol~l  '.:  nor- 
conversational  W/1-0I60,  TOBT  '<1",  COBOL,  PL/1,  ALOOI/jB  and  eon’aysat  'onal 
BASIC,  LISP  and  APL. 

In  meant  yearn,  there  has  develoned  a new  lar.puare  that  is  the 
system  pro  pram  o.npineerin”'  Lanpua  e.  It  car  be  used  to  compile  pro  Tans 
and  administrate  pro prams  and  rune  even  'Tester  and  more  complicated 
operation  systems.  In  the  pas',  such  systems  were  written  by  U3irp  low 
'*rade  la  fpvapes,  such  as  machine  lanpuape  and  assembly  lanpuare.  But 
the ' r efficiency  is  low  and  the  quality  of  work  is  poor.  Time  and  enemy 
are  wasted.  Their  defects  are  really  irremediable.  0**ten  there  is  a whole 
sheet  of  number  codes,  which  no  one  can  understand  and  even  those  u o 
wrote  then  can  for  et  them  a r' or  a s ort  period  of  time  and  cannot  under- 
stand  what  they  are  all  about.  There  is  an  operation  system  in  some  country 
abroad,  for  instance,  they  spend  6,  ;00  man-mar,  na  in'1  •'  6,000  people 
working  for  a w1  ole  year,  the  work  quality  is  very  poor  al  hou^h  the',r 
continuously  try  to  improve  it.  'Per  this  reason,  a system  pro  Tam  enqineerinp 
lanpurpe  is  deve'oped  to  remedy  the  defects  of  the  low  Tade  lanpunpes.  It 
30  far  proves  very  successful.  The  representable  ones  are  system  assembly 
lan Tares,  sue'-  as  BLISS,  PL36O  and  PL/S. 

I k 


: 


jl ■ ■ atio  a • ja  e Is  • Lso  wop  hy  of  a nen tion  ng.  0 ■ 

...  , ent  expenaive  terms  of  time,  money  a d manpower,  Ir  t Is 
area^  however,  a cor  uter  can  be  Pound  iseful.  It  can  be  used  to  simulate 
ho  o : »? -iraent  situation  and  to  predict  the  poss't'o  outc  res  o1'  1 ne 
X eriment.  production  administrate  on  and  u ic  ser-'!cc  (me!  an 

telephone  company  and  bus  company),  none  complice ted  end  inexeee'ed 
situatior  car  co”>o  »t,  any  time,  Simula  ion  language  car  be  ’'re'1  there  to 

c e and  to  c - ne  the  modulation  plan.  The  representable  simulation 

lanma  e in  SIHJLA67. 


FORTRAN 

FORTRAN 

nroiTui 
co-'p : 1 i 

v$JP 


rn-ic  ine 
ln.n  "ua-R 

r_ac  -c  -itwr. 


» • '»—»j  ALGOL.  60  I 


ALGOL  CO 

pro  rain 
jornn  ill  nl 


main  t — 
mac hind 

machine  . 
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Fi  aire  3 The  more  pr-  "ram  compilings  .are  carried  by  a 

computer,  the  more  languages  the  computer  will 
understand . 


So  many  languages  have  been  discussed  above.  If  a computer  can  only 
understa  d mac  ine  language,  iow  can  it  understand  30  many  of  those 
"computer  languages"?  It  in  through  "translation"  of  compiling  programs 
and  interpreting  pro 'Tans  that  the  languages  which  cannot  be  understood  by 
machine,  based  on  t- eir  'Tarmar  and  men  in",  are  tra  slated  into  those 
which  can  be  understood  by  mac’  ine.  A computer  af  the  beriming  can  only 
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undftrafcir.fi  mac  'no  lanyinpo,  but  when  it  ir,  Hven  Al/’01/>0  through 
translation,  it  ee  in3  to  tmdersta  d AI/X)I/>0.  The  more  tra  sln‘.1onn  j* 
is  •"ion,  the  more  lanffinyes  it  can  understand  ( ""i  •-•'•e  3). 

There  may  he  anot  or  question  that  program  lanffuar'e  can  bo  carried 
out  only  rouah  translation  by  a computer , docs:  ' t that  computer  have  to 
spend  a lo'  of  time?  Trie  a swor  is  "'hr.'1,  because  the  machine  s-  ends  some 

time,  man  can  then  sa  a a lot  of  his  time.  One  of  'he  charao* eristics  of 

a computer  is  that  it  has  a very  hiyh  speed.  Tt  can  calculate  hundred 

t .usands  and  even  million  times  nor  second.  People  are  now  tapin''  advantage 

of  f ir.  r. i -h  speed  and  try  to  correct  ho  shortcomings  of  the  machine 
1 .a.orf i.a-'e.  In  the  example  of  camw  cel  calculation  mentioned  above,  if  -t 
uses  mac  i ne  lanffxar'e,  it  w'  !1  have  'o  soe.nd  one  month,  but  it  takes  only 
one  day  when  it  uses  pr- arum  lanyiare.  *br  translation,  t o mac  ine  spends 
only  a few  minutes, and  these  few  minutes  mean  a month  that  a man  has  to 
spend  on  t is  subject.  Isn't  this  a marvelous  accompli shme  t o°  doinr  more, 
‘’aster,  be  tter  and  more  economical?  !'oroo*'or,  pro  "r. aim  comni  led  by  program 
larirmiave  are  i ndepe  doit,  and  next  time  when  someone  uses  computer  to 
cclcula  te  a camwieel,  he  can  use  this  one  and  he  sure  program, a-  d does  not 
have  to  s-e  id  a;  y time  in  programmin'-. 

Someone  may  like  to  ask  why  "natural  lanTiO'-e"  cannot  be  directly  used 
on  computer?  Compared  with  proyrn  language,  natural  lan' name  can  he  very 
effective  in  overcoming  th<  s ortcominrs  of  machine  lan"uaye.  But  natural 
la  Milage  is  too  rich  and  too  Independent,  and,  at  this  point  of  ‘ine,  a 
computer  cannot  yet  use  natural  language . Tn  the  format  of  writ  Inc  and 
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1 e rules  of  sentence  structure,  the  requirement,  of*  computer  lanyuaao  is 
much  more  str'et  than  those  of  natural  lanpniage.  For  instance,  in  a Chinese 
phrase,  "a  r*lorious  people's  envoy",  '"lorious'  anti  'poonle's'  cr,n  be 
treated  as  tv  modifiers  of  'envoy1.  It  can  also  be  interpreted  that  ' plorious' 
nod’f  r 'neon le'.  In  computer  science,  this  is  called  "double-men  :ina". 
Computer  la  -n  e is  not  allowed  to  have  "doublo-meaninp".  So  the  time 
’j  on  a computer  can  use  natural  lanpuage  may  be  still  far  away. 

(Illustrations  by  Chan"  Chen-yeh) 
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